1. Combustion of 2.016 grams of solid sucrose (C6H12O6) at 25 º C in a bomb calorimeter with heat capacity 9550 J K -1 gives a temperature rise of 3.282 º C.
a) Write the balanced equation for the combustion of sucrose

b) What is the work done by the system?

c) What is the heat change per mole of sucrose for the reaction?

d) Find the change in internal energy per mole of solid sucrose for this process

Solution: 
(a) The balanced equation for the combustion of C6H12O6 is: 

 
C6H12O6 + 6 O2 ( 6 H2O + 6 CO2 + ENERGY

2. The breakup of NO2 according to the reaction NO2 (g) Ώ NO (g) + ½ O2 (g) proceeds at a total pressure of 1 atm (at each temperature) so that the percentage of NO2 that is decomposed is:

	T(K)
	457
	903

	NO2 decomposed, %
	5
	99


a) Show that the pressure of NO2 = (1-x) / (1+0.5x); NO = x /(1+0.5x) and
O2 = 0.5x / (1+0.5x) where “x” is the fraction of NO2 that dissociated at each temperature

b) What is the value for ∆H0 of the reaction?

c) Calculate ΔG º and ΔS º for the reaction at 457 K.

d) What is ΔG at equilibrium at 457 K?

Solution:

(a)


NO2 (g) <--->NO (g) + ½ O2 (g)
Initial

1 Mole

0
   0
  


Final

(1-x) mole
x mole
   x/2 (moles)
Total no. of moles = 1-x+x+(x/2) = (1+ 0.5x)

As total Pressure is 1 atm (at each temperature.)

PNO2  = Mole fraction of NO2  x Total pressure
= (1-x) / (1+0.5x) * 1 

 
= (1-x) / (1+0.5x)


PNO   = Mole fraction of NO   x Total pressure 
= x/ (1+0.5x) * 1
  
=  x / (1+0.5x)

PO2   = Mole fraction of O2   x Total pressure 

= 0.5x/ (1+0.5x) * 1
= 0.5 x / (1+0.5x)
(b) K 
= PNO x (PO2)1/2  / PNO2  
= [x / (1+0.5x) * (0.5 x / (1+0.5x))1/2] / (1-x) / (1+0.5x)
=[ x * ((0.5 x / (1+0.5x))1/2] / (1-x)

At T1 = 457 k,   Kp457 = [0.05 * ((0.025/1.025)) / (1-.05) = 8.21 x 10-3
At T2 = 903 k,   Kp903 = [0.99 * ((0.495/1.495)) / (1-.99) = 56.85
Vant Hoff’s equation: ln (K2/K1) = - ∆H0 /R x [1/T2 – 1/T1]




ln(56.85/8.21 x 10-3) = - ∆H0 / 8.314 * [ 1/903 – 1/457]
or


ln (6.924 x 103)  =  - ∆H0 / 8.314 * (-1.08 x 10-3)  
or 


∆H0 =  68.05 x 103 = (say)  68.05 KJ/Mole
(c) ΔG º = RT ln K

At T= 457K, K = 8.21 x 10-3
ΔG º = 8.314 x 457 ln (8.21 x 10-3)

ΔG º = - 18.25x103 = - 18.25 KJ/Mole

ΔG º = ∆H0 – T ΔS º

So 
ΔS º 
= (∆H0 – ΔG º) / T



= (68.05 – (-18.25)) / 457



=  0.19 KJ/ Mole-K

(d) 
ΔG at equilibrium at 457 K will be Zero.
